Analyzing Profitability and Discount Rates for Solar PV Plants. A Spanish Case by Guaita-Pradas, Inmaculada & Blasco Ruíz, Ana
sustainability
Article
Analyzing Profitability and Discount Rates for Solar
PV Plants. A Spanish Case
Inmaculada Guaita-Pradas * and Ana Blasco-Ruiz
Department of Economics and Social Sciences, Polytechnic University of Valencia, 46022 València, Spain;
ablascor@upv.es
* Correspondence: iguaita@upv.es
Received: 26 February 2020; Accepted: 12 April 2020; Published: 14 April 2020


Abstract: The widespread use of renewable energy sources and the growing concern about climate
change, together with Spain’s exceptional weather and solar radiation conditions, have led to an
increase in the use of photovoltaics for energy production in the country. Solar power generation has
been tightly regulated, although the legal framework has changed frequently over the years. When
assessing the potential financial performance of any business venture, legal as well as financial aspects
must be considered, but a critical factor is the discount rate used, which must reflect the company’s
capital cost. Other factors are the period of interest, the firm’s activity, market risk, and the level of
debt of firms in the sector. The main objective of this study is thus to estimate the discount rate for
companies using photovoltaics to produce solar power. We calculate it by employing two financial
techniques: capital asset pricing model and historical return analysis. We then evaluate the investment
in a photovoltaic plant with a capacity of 5000 kW located in eastern Spain, assuming it started its
activity in different years which coincide with changes in the regulatory framework. The results show
the relevance of the initial outlay costs for the profitability of photovoltaic power plants.
Keywords: net present value; cost of capital; cost of equity; capital asset pricing model; sector’s
historical return
1. Introduction
For more than a century, energy has been obtained from fossil fuels which are now nearly
exhausted and are causing severe environmental problems. Hence, many countries, especially EU
member states, have set themselves the target of producing energy through renewable energy sources
(REs). This energy transition to REs can also help in policy and spatial planning [1].
In an effort to build a sustainable future, developed countries designing energy policies have
proposed to reach a target where 20% of the global energy consumed will be through renewable energy
sources. An important source among REs is the energy obtained from the sun using photovoltaic (PV)
technology. The rapid evolution of this technology [2], together with changes in energy policy targets,
have led to its expansion in Europe in a remarkable way.
Spain’s geographic location, between latitude 43.5◦ and longitude 36◦ in the northern hemisphere,
is excellent for installing PV systems due to its high solar radiation and temperatures. All these
favorable conditions, as well as Spanish energy policies launched more than two decades ago, have
resulted in a very significant increase in the number of PV installations.
When energy policy measures began to be implemented in Spain at the end of the last century,
many business investments were driven by financial incentives to install PV systems. These measures
focused mainly on a long-term tariff regulation which guaranteed investment profitability.
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The financial viability of investment projects depends on various factors, which can lead to
greater or lesser profitability. In the case of PV installations, the factors that determine the returns on
investment are:
The initial investment cost, which in PV systems depends largely on the level of development of the
technology employed. Technological advances, large-scale production, and competition among Asian
countries have resulted in substantial reductions in the initial outlay needed to get the investment going.
Energy policies have brought greater stability to the market by creating the appropriate market entry
conditions as well as by setting very stable electricity tariffs or prices over longer periods.
The discount rate used for calculating the return on PV investments must be calculated in a way that
guarantees financial rigor, and where profitability is neither overrated nor underrated. Thus, all the
parameters that might influence discount rates, such as potential risks and the company’s size and
capital structure, must be considered.
To date, academic works analyzing the profitability of PV installations have mainly used subjective
discount rates for this purpose and have not taken into account the financial reality of the companies nor
market uncertainties. For instance, Sorgato et al. (2018) employed a discount rate of 5.5%, whereas the
Brazilian National Bank for Economic and Social Development [3] and Espinosa and Rojo (2015) [4] set
it at 10%. In this study, we aim to find a more financially rigorous way of calculating the discount rates
for PV investments, bearing in mind the company’s size and its market. The academic literature uses
the weighted average cost of capital (WACC) (i.e., the weighted average ratio between the investing
company’s debt and equity) as a tool to calculate the discount rates.
After obtaining the discount rates, we apply them to a case study. In this paper, we examine
the profitability of a standard PV installation with 5000 kW peak production and also focus on the
changing market conditions set by the Spanish government energy policies, which have been regulated
through royal decrees and ministerial orders on PV installations [5]. Specifically, we have analyzed the
profitability of PV systems for the following years:
2002: Royal Decree No. 841/2002 [6] which first fostered REs and PV installations.
2004: Royal Decree No. 436/2004 [7] designed a financially sustainable system for PV installations.
2007: Royal Decree No. 661/2007 [8] was issued with the aim of achieving sustainable growth for REs.
2008: Royal Decree No. 1578/2008 [9] promoted the use of REs while also fostering competition in
order to reduce investment costs. This decree set a variable tariff according to the installed power
capacity fixed by four annual calls.
2010: Due to the excessive growth of the number of PV installations, urgent measures were established
to reduce the tariff deficit. Royal Decree No. 14/2010 [10] limited production to a certain number of
hours per day, dividing the Spanish territory into five areas.
2012: Incentives for installing new PV systems were removed.
This study is divided into the following sections. After the introduction, Section 2 describes the
methodology employed for the calculation of the discount rate, where two different approaches are
proposed: the capital assets pricing model (CAPM), and a method in which the sector’s historical
financial performance is analyzed. Section 3 shows the results obtained for a selected sample of
companies, while in Section 4 we apply the obtained discount rates to several investment projects.
Finally, Section 5 concludes.
2. Discount Rate Methodology
Investment analyses of PV power stations are no different from other studies carried out for other
productive sectors, but certain characteristics must be considered [11]: photovoltaic power ventures
are long-term investments, and manufacturers of solar panels guarantee at least 80% of the initial
production over the PV system’s 25-year lifetime. Thus, in long-range planning, economic analysis
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and assessment of the investment depend mainly on the discounted cash flows obtained through
the investment.
With respect to the economic evaluation of investments in solar PV plants, in our review of the
academic literature, we did not find any studies that provided either a detailed nor justified account of
the discount rate used to carry out this type of assessment. Karasmanaki et al. (2019) [12], for instance,
explore the factors that influence the desire to invest in renewable energy ventures, but they only
take into account demographic aspects and do not consider financial ones such as the cost of capital.
Blanco-Diez et al. (2020) [5] have recently analyzed how changes in Spanish legislation have impacted
remuneration, but only in terms of revenue and without considering profitability, and hence, cost of
capital. Pavel Atănăsoae (2020) [13] uses a discount rate of 5% for his financial assessment but does not
justify it, similarly to García-Gusano et al. (2016) [14], who do not justify the discount rates employed
for the financial methodology used in their study either.
Capital budgeting and profitability accounting techniques are used to estimate the investment’s
cash flows (CF) and update them so as to obtain the return on investment. For assessing long-term
infrastructure investments such as solar photovoltaic projects, the NPV (net present value) and IRR
(internal rate of return) criteria are widely used in the academic literature [3,15]. The absolute net
return of the project is measured by the NPV, which may be expressed as follows:




(1 + k) j
, (1)
where CO is the initial cost of the investment, n is the lifetime of the investment, and k is the discounted
cash flow at the time of the initial investment. For its part, IRR allows us to measure the project’s
relative annual return:




(1 + r) j
, (2)
where r refers to the project’s gross return.
Both returns are obtained by updating the CFs generated each year by the investment. Hence, the
discount rate employed should reflect accurately and objectively the cost of capital of the investing
company. From the point of view of the investment’s profitability, the discounted cash flows, at the time
of the initial investment, k, also include the money that must be returned to investors, the opportunity
cost of the funds invested in the project, and the cost of the project’s sources of finance. The discount
rate is, therefore, a key component when comparing and assessing projects. It is also used to reflect
the passage of time of CFs by reducing the value of those furthest away in time. Thus, determining a
discount rate requires taking into account several market and firm-related variables and factors, and
although its estimation may not seem complicated in theory, when real data is used, some hypotheses
must be formulated, which imply making value judgments that can modify the results of the discount
rate obtained and, consequently, affect the profitability assessment.
In Ibbotson’s [16] opinion, the discount rate is determined by the type of investment and not
by the investor. In other words, the discount rate is established by the market, since it is there that
investors will demand a return on their investments with a certain risk. In this sense, discount rates
are linked to the cost of capital of companies.
3. Discount Rate. Conceptual Framework
Weighted average cost of capital (WACC) [17] is a widely used financial tool for decision-making
and updating CFs. WACC is obtained as the weighted average of the company’s various sources of
finance [18], as shown by Equation (3):
WACC =
ke·E + kd·D·(1− t)
E + D
, (3)
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From Equation (3), it follows that in order to obtain the discount rate, or WACC, we need to know
both the level of equity, E, and the level of debt, D, as well as the cost of these sources of finance (ke, the
cost of equity and, kd, the cost of debt). The tax rate, t, reflects the effect of the tax savings achieved
through tax-deductible expenses.
The strategy to be followed when it comes to the capital structure of a firm or sector activity is
linked to the decision-making on real and financial investments, in that the level of debt desired by the
firm will depend on the market value this firm wants to achieve. Sector activity is a factor that can
influence these decisions; and since each sector has a different intensity of physical capital, a greater or
smaller share of the company’s resources may be tied up [19].
3.1. Cost of Equity (ke)
The component of WACC that requires a more thorough analysis is the cost of equity. Next, we
discuss two different methodologies employed for its estimation: the CAPM (capital asset pricing
model) and historical return analysis.
While the CAPM-based model has its origin in stock market analysis methods, the financial
performance model follows a chiefly accounting approach. This ratio represents the internal rate of
return [20] an investment project must be able to yield in order to pay investors back their money
or to encourage them to risk their capital further in the purchase of shares issued ad hoc to finance
the project.
3.1.1. Model 1: ke Obtained through Capm
The CAPM was constructed by Sharpe [21] and further developed by Fama and French [22], who
studied its validity in detail by applying Equation (4) to the analysis of the return on assets:






• E(ri) is the expected rate of return on the asset (i.e., the demanded rate of return on equity).
• Rf represents the risk-free rate of return that may be obtained in the market without taking the
risk of losing the investment nor the interests that could be earned from it.
• E(Rm−Rf) denotes the market-risk premium, which is the difference between the expected rate of
return on the market and the risk-free rate. Historical data are generally used for this component.
• βi measures the market’s systematic risk in relation to the asset being valued. Mathematically, it





where δ2m is the variance of the market returns.
Beta is considered an essential and critical factor in determining the cost of equity, as it provides
information on how the sector activity has behaved (in terms of the variance in returns) towards market
developments. In other words, it reflects the sector’s sensitivity to market fluctuations.
It is also important to note that if betas are low, the cost of equity obtained through the CAPM
will also be lower, and this will lead to a more moderate discount rate, the final effect being an increase
in the sector’s value. Nevertheless, the trend for the future seems to be that beta values will continue
to increase, which would have an impact in the opposite direction.
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3.1.2. Model 2. ke Calculated by Means of the Sector’S Historical Return Analysis
A prevalent approach for computing the cost of equity is to associate it with the minimum return
required [22], by which the cost of equity is defined as shown as follows:
ke = πh + R f (6)
where: ke = cost of equity, πh = historical market risk premium (Equation (7)), defined as the difference
between the 5-year moving average of the financial returns on the sector and 10-year government bonds:
πh =
∑5
i=1(Financial returnsi −R fi)
5
, (7)
Rf = risk-free rate at time n (government bonds, treasury bonds, etc.)
From this point of view, the cost of equity is considered as an opportunity cost that is the result of
the sum of a risk-free rate plus the risk premium, which can vary according to each company or sector
activity [22,23].
3.2. A Discount Rate for the Photovoltaic Industry
To calculate the discount rate for the Spanish photovoltaic industry, we will use a specific sector of
Spanish SMEs (Small and medium-sized enterprises), which corresponds to the industry category No.
3519 according to the Spanish nomenclature of economic activities (CNAE): Production of electricity
through other sources of energy, specifically, production of electricity by means of solar energy. In
addition, we use the financial statements from these SMEs for the period of 1999–2017. Hence, the
sample includes 67 companies, whose turnover was EUR 1 million in at least one of the years of the
2013–2017 period. Additionally, the business activity of these enterprises developed in Spain generated
profits in the last three years of the sample (2015, 2016 and 2017).
In order to estimate the discount rate, we must first analyze the trend of each of the factors that
make up the equations defined previously for the period 1999–2017.
Parameters of Equation (3) are described in detail below:
a. Capital structure (D and E)
Over the said period, the capital structure of the sample firms experienced a leverage increase,
with a minimum equity of 9.17% over total liabilities in 2002. On average, the sector had equity of
19.96%, the median being 17.95%. In contrast, in 1999, the sector’s total equity amounted to 48.70% (a
break-even point). Thus, it can be said that this sector covers its needs with bank financing.
b. Cost of debt
To analyze this factor, we use as a yardstick the data published by the Bank of Spain on the
preferential interest rates issued by banks from 1999 to 2013. This is a historical series of real lending rates
(i.e., rates of interest charged by banks for borrowing money) reported to the European Central Bank,
Regulation (EC) No 63/2002 of the European Central Bank of 20 December 2001, concerning statistics on
interest rates applied by monetary financial institutions to deposits and loans vis-à-vis households and
non-financial corporations. However, because this information has no longer been reported since 2013,
from that year onwards, we use the rates of interest charged by financial organizations to residents of
the Economic and Monetary Union (i.e., the annual percentage rates (APR) charged for new loans and
credits granted to non-financial companies). Table 1 shows the available data on the cost of debt from
1999 to 2017.
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Table 1. Cost of debt, 1999–2017.
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Kd 0.0524 0.0541 0.0568 0.0542 0.0515 0.0499 0.0500 0.0510 0.0538 0.0557
2009 2010 2011 2012 2013 2014 2015 2016 2017
Kd 0.0531 0.0509 0.0520 0.0528 0.0552 0.0489 0.0377 0.0329 0.0293
c. Cost of equity
As explained earlier in the discount rate methodology section, the cost of equity can be calculated in
two different ways, through the CAPM and through the method based on companies’ financial returns.
The results obtained are shown in Table 2, together with the performance of 10-year government bonds
and Madrid’s stock exchange general index (IGBM).
Table 2. Cost of equity, 1999–2017.
Year 10-YearGovernment Bonds
Variations in the
IGBM Index βU βL ke CAPM ke ROI
1999 4.75% 16.22% 0.4520 0.55 13.95% 6.03%
2000 5.56% −2.68% 0.6241 1.01 23.50% 3.45%
2001 5.12% −6.39% 0.7230 1.06 36.01% 7.67%
2002 4.98% −23.10% 0.4258 0.58 26.05% 9.78%
2003 4.11% 27.44% 0.5433 1.37 25.00% 18.39%
2004 4.02% 18.70% 1.1441 2.67 28.47% 23.64%
2005 3.43% 20.56% 1.8159 4.78 46.96% 25.97%
2006 3.78% 34.49% 2.0830 5.32 97.75% 25.84%
2007 4.24% 5.60% 1.7361 5.04 85.42% 26.33%
2008 4.46% −40.56% 0.9015 3.26 38.36% 21.17%
2009 3.98% 27.23% 0.6925 2.44 34.47% 16.38%
2010 4.49% −19.17% 0.7367 2.43 23.18% 13.98%
2011 5.51% −14.55% 0.6470 2.13 19.97% 12.63%
2012 5.67% −3.84% 0.5797 1.86 20.10% 6.31%
2013 4.74% 22.71% 0.4037 1.21 14.92% −1.05%
2014 2.72% 3.01% 0.5285 1.58 12.75% −1.32%
2015 1.74% −7.42% 0.4989 1.66 9.12% −0.07%
2016 1.45% −2.24% 0.3272 1.17 5.97% 1.36%
2017 1.57% 7.59% 0.3249 1.47 7.34% 7.84%
The performance of risk-free assets (Rf) is similar to that of 10-year government bonds, as they are
issued by the State and thus offer maximum solvency or a top score in credit rating, profitability and
sufficient liquidity, as well as being risk-free [1].
The market return (Rm) index is used as a reference in Spain for assessing market profitability and
is quantified by the IGBM index.
Beta measures how sensitive a given asset (or investment project) of an economic sector is to
fluctuations or changes in the market. In this study, we use betas calculated for the electric power
industry. We work with unlevered betas, as obtained by Damodaran [24], and hence, we lever them,
taking into account the capital structure of the sector under study.
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To calculate ke, following the financial performance approach, in addition to calculating the
returns on the risk-free asset, Rf, we also need to estimate the historical risk premium, which is the
difference between the 5-year moving average of the financial returns on the sector and the 10-year
government bonds:
d. Effect of corporate tax according to the tax rate
To also include the effect of corporate tax (t), we have examined its evolution since 1998 using
data from the Spanish Tax Agency. During the period from 1998 to 2006, corporate tax was 35%, before
being lowered to 32.5% in 2007. From 2008 to 2014, it was then further reduced to 30%. In 2015, the
Royal Decree 634/2015 [1] of 10 July, which approved the Corporate Tax Regulation, was applied and a
corporate tax of 28% was introduced. In 2016 it was cut to 25%.
Figure 1 depicts the evolution of discount rates for the sector under study. As can be seen, rates
computed through Model 1 (CAPM) are always higher than Model 2 discount rates since the CAPM
also incorporates the market risk factor.
Sustainability 2018, 10, x FOR PEER REVIEW  7 of 12 
Figure 1 depicts the evolution of iscount rates for the sector under study. As can be seen, rates 
computed through Model 1 (CAPM) are always higher than Model 2 discount rates ince the CAPM 
also incorporates the mark t risk factor. 
 
Figure 1. Evolution of discount rates for the photovoltaic industry, 1999–2017. 
As shown by Model 1 (which obtains ke by applying the CAPM), the period from 2004 to 2007 
was the phase with the highest discount rates, when 17.39% was reached in 2006, mainly due to the 
higher risk premium. This was a period of turmoil in the financial markets. In 2008, a third period 
began showing a prolonged decline in the value of discount rates. The cause of this decline lies in 
two factors: beta values were more stable, as they returned to the levels of the first period, and the 
reduction in the differential returns of the market risk premium.  
The calculation of the discount rate with Model 2, which is an accounting-based approach that 
mainly focuses on obtaining the cost of equity, has a direct impact on the level of discount rates 
achieved. Their values remain more stable than those computed with Model 1. For the entire period, 
the discount rates obtained by this methodology show lower values, which implies higher values in 
the discounted cash flows of any investment project launched by companies in this sector.  
In short, in the case of models with a leveraged structure, the weight of the cost of debt 
significantly influences the estimation of the discount rate. The cost of debt is reduced as a result of a 
monetary policy that boosts the economy. The fall in oil prices and the risk this fall poses to global 
growth has led the European Central Bank to implement a policy of minimum interest rates. 
Consequently, for any rational investor in the market, investment in projects related to solar 
power generation will seem attractive, since only a minimum quantity of resources is needed (most 
of the financing being provided by monetary financial institutions), and the financial returns obtained 

























k - Model 1 k - Model 2
Figure 1. Evolution of discount rates for the photovoltaic industry, 1999–2017.
As shown by Model 1 (which obtains ke by applying the CAPM), the period from 2004 to 2007
was the phase with the highest discount rates, when 17.39% was reached in 2006, mainly due to the
higher risk premium. This was a period of turmoil in the financial markets. In 2008, a third period
began showing a prolonged decline in the value of discount rates. The cause of this decline lies in
two factors: beta values were more stable, as they returned to the levels of the first period, and the
reduction in the differential returns of the market risk premium.
The calculation of the discount rate with Model 2, which is an accounting-based approach that
mainly focuses on obtaining the cost of equity, has a direct impact on the level of discount rates
achieved. Their values remain more stable than those computed with Model 1. For the entire period,
the discount rates obtained by this methodology show lower values, which implies higher values in
the discounted cash flows of any investment project launched by companies in this sector.
In short, in the case of models with a leveraged structure, the weight of the cost of debt significantly
influences the estimation of the discount rate. The cost of debt is reduced as a result of a monetary
policy that boosts the economy. The fall in oil prices and the risk this fall poses to global growth has
led the European Central Bank to implement a policy of minimum interest rates.
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Consequently, for any rational investor in the market, investment in projects related to solar power
generation will seem attractive, since only a minimum quantity of resources is needed (most of the
financing being provided by monetary financial institutions), and the financial returns obtained are
12.66% on average.
4. The Case Study
The case study involves a standard solar PV plant set up on a piece of land located inland the
province of Valencia. The PV system has a capacity of 5000 kW for which an area of about 140,000
square meters is needed. We have estimated the value of this installation, presuming it started its
activity at different moments (2002, 2004, 2007, 2008, 2010 and 2012). The beginning of production
of each solar PV plant coincides with changes in legislation where new tariffs, as well as changes in
market conditions, were introduced [25]. As usual, we assumed that the technical conditions of the
PV system remained the same during its useful life [26]. For this reason, we have estimated that the
investment will last 25 years since, generally, manufacturers of PV modules guarantee a power output
of 80% for this length of time. Bearing in mind these conditions, we estimated the energy production
in kWh for each year in which the activity begins, considering a decrease in energy production of 0.5%
per year [1] due to the system’s deterioration. We calculated the power output using PVGIS software
which provides data on electricity production according to geographical locations and power stations
installed capacity.
The cost of installing PV solar plants varies depending on each year [27]. As expected, the cost of
solar PV plants diminishes with each year, thanks to technological advancement, and because of new
economies of scale participating in solar panel production, as well as international competition, since
eastern Asian countries, like China, have entered the solar panel market. Table 3 shows the investment
costs estimated, taking into account each year’s market average.
Table 3. Investment costs for each year in which a photovoltaic (PV) system is installed.
2002 2004 2007 2008 2010 2012
Purchase cost 30,750,000 € 29,000,000 € 21,250,000 € 20,350,000 € 13,000,000 € 7,250,000 €
Revenue arises from the sale of electricity. Depending on the system’s technology, production
levels will be higher or lower. Electricity prices are established according to the government’s energy
policy goals, which are regulated by royal decrees and ministerial orders concerning electricity tariffs.
In order to take the changes in tariffs due to inflation into account, we have estimated the inflation
rate for each year when activity begins in each solar PV plant. To do so, we used the historical data
from the National Statistics Institute (INE) from 1993 to the year when the investment is made. Table 4
presents the results.









2002 3.42% 1.09% 0.318 3.60%
2004 3.36% 1.02% 0.305 3.45%
2007 3.33% 0.96% 0.288 3.40%
2008 3.38% 0.98% 0.292 3.50%
2010 3.08% 1.31% 0.425 3.30%
2012 3.06% 1.26% 0.412 3.20%
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With respect to the investment costs of the solar PV plant, we also considered maintenance and
insurance costs, 6% and 9% respectively. Additionally, we considered including the rent of 14 hectares
of land (which is the surface area required by the plant) in accordance with the market prices of rural
areas of the province of Valencia. Currently, land rental is about EUR 40,000 per year. We deflated
this price using the market land rentals to obtain the price for similar pieces of land at different times.
Moreover, depreciation of the PV system was also taken into view, even though it is not really an
expense in that it can be deducted from tax. We calculated depreciation using the linear method.
Therefore, the installation’s initial cost was spread over an estimated useful life of 25 years. Finally, we
calculated CFs as the difference between collections and payments, where we considered each year’s
tax rate effect.
To calculate the absolute return using NPV, Equation (1) requires the CFs and the discount rate
as calculated in Section 3 by the two methodologies. Consequently, for each investment, two returns
are obtained, as shown in Figure 2. First, we computed the absolute return by means of the WACC
method, obtaining the cost of equity through the CAPM. With the second methodology, the absolute
return was obtained using the ROI approach to calculate the cost of equity.
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internal rates of return.
The internal rate of return (IRR) was computed with Equation (2) and the CFs provided in Table 5.
To obtain the annual net return, we subtracted the cost of capital from IRR. Again, two results were
obtained for each PV installation.
If we look at the results shown in Figure 2, we may see that although the two methodologies
employed to obtain absolute and relative net profitability provide different information, both
methodologies arrived at similar results. Despite a positive performance in several different years,
very significant returns were only achieved from 2010 onwards.
Thus, profitability depends on all the investment factors: (a) The initial investment has a significant
impact on profitability and this weight decreases over the study period; (b) initial investment costs
decreased by more than 25% in 2009 which translated into returns above 10% from 2010 onwards;
(c) higher profitability was obtained from the year 2010 onwards, which coincided with lower initial
investment costs and the relaxation of electricity production regulations that have moved closer to
market criteria. This leads to the conclusion that, currently, the most appropriate policy to promote the
production of renewable energies is to give the market free rein, which will lead to a price drop thanks
to substantial improvements in PV technology.
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Table 5. After-tax cash flows of each PV installation by starting year of the investment.
Year 2002 2004 2007 2008 2010 2012
2003 2,237,176 €
2004 2,227,684 €
2005 2,218,223 € 2,543,529 €
2006 2,208,794 € 2,532,340 €
2007 2,199,395 € 2,521,190 €
2008 2,190,026 € 2,510,079 € 2,310,062 €
2009 2,180,685 € 2,499,005 € 2,362,055 € 2,424,461 €
2010 2,171,373 € 2,487,968 € 2,415,376 € 2,486,716 €
2011 2,162,088 € 2,476,967 € 2,470,059 € 2,550,748 € 2,425,027 €
2012 2,152,830 € 2,466,001 € 2,526,138 € 2,616,608 € 2,482,839 €
2013 2,143,597 € 2,455,070 € 2,577,995 € 2,684,347 € 2,542,121 € 1,327,656 €
2014 2,134,390 € 2,444,172 € 2,631,046 € 2,754,021 € 2,602,911 € 1,359,125 €
2015 2,125,206 € 2,433,306 € 2,685,316 € 2,825,683 € 2,665,247 € 1,391,391 €
2016 2,116,046 € 2,422,473 € 2,740,835 € 2,899,390 € 2,729,168 € 1,424,475 €
2017 2,106,908 € 2,411,670 € 2,797,631 € 2,975,201 € 2,794,714 € 1,458,398 €
2018 2,097,791 € 2,400,896 € 2,855,732 € 3,053,176 € 2,861,927 € 1,493,181 €
2019 2,088,695 € 2,390,152 € 2,915,170 € 3,133,377 € 2,930,849 € 1,528,846 €
2020 2,079,618 € 2,379,436 € 2,975,974 € 3,215,867 € 3,001,524 € 1,565,414 €
2021 2,070,560 € 2,368,746 € 3,038,177 € 3,300,712 € 3,073,995 € 1,602,910 €
2022 2,061,519 € 2,358,083 € 3,101,809 € 3,387,978 € 3,148,308 € 1,641,355 €
2023 2,052,495 € 2,347,444 € 3,166,905 € 3,477,734 € 3,224,510 € 1,680,775 €
2024 2,043,486 € 2,336,829 € 3,233,496 € 3,570,053 € 3,302,649 € 1,721,195 €
2025 2,034,491 € 2,326,236 € 3,301,618 € 3,665,006 € 3,382,774 € 1,762,638 €
2026 2,025,510 € 2,315,665 € 3,371,306 € 3,762,669 € 3,464,936 € 1,805,132 €
2027 2,016,540 € 2,305,114 € 3,442,596 € 3,863,120 € 3,549,185 € 1,848,703 €
2028 2,294,583 € 3,515,523 € 3,966,437 € 3,635,576 € 1,893,379 €
2029 2,284,069 € 3,590,127 € 4,072,703 € 3,724,162 € 1,939,186 €
2030 3,666,444 € 4,182,002 € 3,814,999 € 1,986,154 €
2031 3,744,515 € 4,294,421 € 3,908,143 € 2,034,313 €
2032 3,824,380 € 4,410,047 € 4,003,654 € 2,083,692 €
2033 4,528,973 € 4,101,592 € 2,134,322 €
2034 4,202,017 € 2,186,235 €




Energy policies in developed countries focus on targets related to securing energy supply, reducing
energy dependence, and diminishing the environmental impact of energy production, especially by
fossil fuels. In this sense, renewable energy sources can contribute significantly to achieving these
objectives. Furthermore, because recent technological advances have allowed a greater use of REs,
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many developed economies, as is also the case in Spain, have issued regulations concerning RE power
systems. Spain’s advantage over other European countries lies in its geographical location. As a result,
energy generation from solar PV plants in Spain has grown prominently over the past two decades.
To be able to analyze the economic and financial results of solar PV plant investments, we need
to conduct a detailed study bearing in mind all the parameters involved in assessing the financial
viability of investments and the effectiveness of energy policies. One particular variable that is often
forgotten, or has not been analyzed rigorously enough, is the discount rate which allows us to obtain
the absolute and net relative return on investments. Discount rates should reflect both the capital
structure of companies and the market’s volatility. A widespread approach used in practice and in the
academic literature is the WACC model
This study was carried out with a sample of 67 PV panel installation companies operating in the
market. The WACC has been calculated using two different financial techniques to calculate the cost of
own resources (financial profitability and CAPM), neither of both results showing great differences,
except for the rates of 2006 and 2007, years in which the economic crisis began. The evolution of rates
in both cases, behaves according to forecasts, is higher in times of recession and decreases in times
of expansion.
With the intention of promoting RE, especially solar PV power, energy policies in Spain have
attempted to regulate the installed power capacity and the electricity tariffs through bids from the very
beginning. The first energy policy measures related to PV plants in Spain with large incentives in the
form of regulated tariffs were activated in 2002, and an indefinite period was maintained. In 2004, the
new regulations adopted limited the incentives by type of installation and limited the incentives to 25
years. Starting in 2010, the regulation focused on a general lowering of tariffs for energy produced in
PV plants. Finally, in 2012 the economic incentives for energy production with the PV system were
cancelled. However, the analysis of profitability does not proceed in the same way as the economic
incentives contained in energy regulations. In the analysed period, the incentives were not enough
for the PV plants to be profitable. For the most extreme cases, years 2002 and 2012 (pre-crisis and
post-crisis years, a year with many incentives and without incentives), the discount rates obtained
were similar for the two models. The CFs of the investment made in 2002 were higher than those of the
2012 investment, mainly due to economic incentives. Despite all the investment in 2002, the year was
not profitable and on the other hand, in 2012 there is profitability (around 15%). Thus, we conclude
that, in this case, the most significant factor for the improvement in profitability is the large decrease
that the cost of the installation has registered due to technological improvements.
This study carried out on discount rates can be applied to the evaluation of investments made
by companies using solar PV systems to produce energy and with a capacity of 5000 kW. To be able
to obtain the discount rate, we used market and firm economic and financial data from the period
analyzed, which makes the study only valid for that period. For further studies considering different
periods, discount rates should be recalculated.
Future research on discount rates could focus on renewable energy produced by wind-power
companies. This could help assess economic disparities among investments in the REs sector according
to the energy source used.
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